The amino acid contents of whole body were determined in male ducks at 5 age intervals from d 1 to 29 post hatch. Whole body homogenates were analyzed of dry matter, nitrogen, and amino acids and used to determine amino acid accretion rates and efficiency of utilization of digestible amino acids for amino acid accretion. 
Introduction
The quantitative importance of amino acids in growth and development is well known, and the accretion rates of amino acids are needed to refine the dietary amino acid concentrations for each stage of growth (King, 2001; Oviedo-Rondon and Waldroup, 2002) . The efficiencies of amino acid utilization for maintenance and growth affect the amount that must be supplied in the diet. The values for efficiency of amino acid accretion will facilitate the development of models and improve the accuracy of such models to better predict animal performance and response under a variety of nutritional situations.
Ducks have been and continue to undergo selection for improved growth rate, feed efficiency, and increased proportion breast muscle (Farhat and Chavez, 2000) . Models of amino acid requirements should account for genetic changes in a number of variables including the rates of accretion of key chemical components, rates of maturation and daily feed intakes (Gous et al., 1999) . Optimization of duck production systems including the evaluation of alternative management and nutritional strategies requires information on whole body nutrient accretion and the efficiency of nutrient utilization for which there is limited data. As a part of our efforts to begin filling the information gap on modeling the amino acid requirements of growing ducks, the experiment reported in this communication was conducted to determine the accretion rates of amino acids and the efficiency of digestible amino acid utilization for whole body amino acid accretion in male White Pekin ducks during the day 1 to 29 post-hatch period.
Materials and Methods
Day-old White Pekin drakes, supplied by Maple Leaf Farms (Syracuse, IN, USA), were tagged for identification, weighed, and assigned to 5 slaughter (days 1, 8, 15, 22 and 29 post hatch) groups such that the average initial body weight was similar across the 5 groups. Each group was divided into 4 replicate cages with 4 birds per cage based on body weight, and 4 replicates cages were slaughtered on d 1. The remaining 4 groups (each group consisting of 4 replicate cages of 4 birds per cage) were fed the same diet, the nutrient composition of which is presented in Table 1 . The 4 groups of birds were assigned for slaughter at 8, 15, 22, and 29 d post-hatch and feed intake and body weights were monitored. Ducks were reared in electrically heated battery brooders maintained at 35℃, 31℃, 27℃, and 25℃ from d 1 to 8, d 8 to 15, d 15 to 22 and d 22 to 29 post-hatch, respectively with continuous fluorescent lighting; and provided ad libitum access to feed and water. Amino acid digestibility and ME of the diet (Table 1) were determined in separate group of ducks using procedures previously reported by Adeola et al. (2008) . All animal handling procedures were approved by the Purdue University Animal Care and Use Committee.
Empty body weight of birds were determined following feed withdrawal for approximately 4 h prior to slaughter. Birds from the same replicate cage were asphyxiated with CO 2 and frozen immediately. The birds were chopped, coarsely ground, subsampled, and freeze dried. The freezedried subsamples finely ground and analyzed for DM, ether extract, ash, nitrogen, and amino acids. Subsamples were oven-dried at 105℃ for 24 h for DM, analyzed for diethyl ether extractable fat, ashed at 600℃ in muffle furnace overnight. Nitrogen was determined using the combustion method (Leco model FP-2000 N analyzer, Leco Corp., St. Joseph, Michigan, USA) with EDTA as a calibration standard. Amino acid analyses were conducted at the University of Missouri Experiment Station Chemical Laboratory (Columbia, MO). Samples for amino acid analysis were prepared using a 24-h hydrolysis in 6 N hydrochloric acid at 110℃ under an atmosphere of N 2 . For Met and Cys, performic acid oxidation was performed before acid hydrolysis. Samples for Trp analysis were hydrolyzed using barium hydroxide. Amino acids in hydrolyzates were determined by HPLC. Energy in whole body was estimated as the total energy content of the lipid and protein using 9.127 kcal/g x lipid mass, g ＋5.638 kcal/g x protein (N x 6.25) mass, g; (Larbier and Leclercq, 1992) . The net energy (NE) concentration of the diet (2.1441 kcal/g) was estimated as 0.70 times the ME concentration. Daily net energy for maintenance was predicted as a function of BW (NE M ＝87.5 (BW, kg) 0.75 , (Cherry and Morris, 2005) . Daily net energy for gain (NE G ) was estimated as: NE G (kcal/d)＝9.127 kcal/g x lipid accretion (g/d)＋5.638 x protein accretion (g/d), (Larbier and Leclercq, 1992) .
Dry matter, protein (N x 6.25), lipid, ash, and amino acid masses at each post-hatch age were calculated as the product of concentration of each of these components and empty body weight. Daily digestible amino acid intakes were calculated as: Daily feed intake x Dietary amino acid concentration x True digestibility of the amino acid. Daily accretion rates between post-hatch age intervals were calculated as the difference between initial and final nutrient mass divided by the number of days (7). The relative dietary concentrations required were evaluated as the accretion of each amino acid divided by the NE intake (g/Mcal NE) or daily feed intake (g/kg). The efficiency of utilization of each amino acid was estimated as the daily accretion of the amino acid divided by its daily digestible intake. The predicted efficiency of utilization was estimated for each day from d 1 to d 29 post hatch. Least squares means for mass and accretion rates of whole-body chemical components and amino acids were generated using the general linear models procedure of SAS (SAS, 2006) with days post hatch (1, 8, 15, 22, or 29 for mass, and 1 to 8, 8 to 15, 15 to 22, or 22 to 29 for accretion rates) as the independent variable. The BW data was fitted to the Weibull growth function (Maruyama et al., 1999; Schinckel et al., 2005) using the nonlinear mixed (NLMIXED) procedure of SAS (SAS, 2006) . The weights of chemical component and amino acid, and total predicted energy contents were fitted to allometric functions of BW using the REG procedure of SAS (SAS, 2006) . The predicted daily accretion rates for each body component and key indispensable amino acids were estimated by the following function:
, where d(component)/dt is the daily accretion rate for the body component; d(BW)/dt is the average daily body weight gain; and d(component)/dw is the rate at which BW was partitioned into body component (Whittemore et al., 1988; Schinckel and de Lange, 1996) .
Results and Discussion
The mass of chemical components and amino acids in whole body of ducks during growth from d 1 to d 29 post hatch are presented in Table 2 . Expectedly, the mass of dry matter, crude protein, lipid, and ash increased with age. Likewise, there were increases in mass of amino acids in whole body of ducks from d 1 to d 29 post hatch ( Table 2) . As has been shown previously (Adeola, 1998) (Table  2 ). Protein and lipid accretion rates increased both linearly (P＜0. 01) and quadratically (P＜0. 05) from 4. 2 and 2. 7, respectively during the period of d 1 to 8, to 14.6 and 9.9, respectively during the period of d 22 to 29 (Table 3) . Throughout the growth period examined, protein was the Table 3 . There were rapid increases in rates of amino acid accretion (Table 3) . Accretion rate for Glu was greatest, followed by Gly, Asp, Leu, Arg, Lys, Ala, Pro, and Val in decreasing order. Because Arg contains four nitrogen atoms per molecule, an important finding from this study is that Arg was the most abundant nitrogen carrier at all ages studied, followed by Gly, Glu and Asp, which reflects the important role of arginine nutrition and metabolism. Accretion rate for Trp was least of all the amino acids. Rates of amino acid accretion represent minimal requirements for amino acids during growth in the duck. These increased rapidly with age and were consistent with growth.
The predicted NE intakes relative to BW and age are shown in Fig. 1 . The predicted NE required for maintenance increased from 9 kcal/d to 135 kcal/d for d 1 to d 29 posthatch (1881 g, BW). The net energy required for gain was estimated to increase from 20 to 195 kcal/d for the same period. The current equations predict that approximately 25 % of the total energy intake is used for maintenance the first few days post hatch and increases to 41 % at 29 d of age. Maintenance requirements for NE are affected by the basal metabolic rate, physical activity and need for body temperature regulation (Adeola, 2006) . Maintenance requirements for energy are affected by body composition as visceral tissue is more metabolically active than other body tissues and lean tissues are more metabolically active than fat tissues (Schinckel and de Lange, 1996) . Fig. 2 intake relative to BW and age are shown in Fig. 3 . The duck would need to consume this amount of each digestible indispensable amino acid to achieve the amino acid accretion rates. The amount of Lys accreted per kg of daily feed intake decreased from approximately 9 g from d 2 to d 7 of post hatch to 6.8 g at 29 d of age. Amino acid accretion per unit feed intake (or NE intake) at 29 d of age decreased to between 69 % (for Thr and Val) and 75 % (for Lys and Met) of the d 2 to 5 post hatch values. Setting the dietary concentration of amino acids of the feed must involve consideration of the efficiency with which digestible amino acids are used for accretion. When animals are fed below their requirements the efficiency in which digestible Lys is used for accretion approaches of 0.75 (Moehn et al., 2000) . Assuming that the efficiency of utilization is constant from hatch to 29 d of age, the dietary concentrations of the major indispensable amino acids decreased to approximately 69 to 75 percent of their maximal values by d 29 post hatch. The efficiency with which each amino acid was utilized for accretion was predicted from the daily accretion of each amino acid divided by the daily digestible intake of each amino acid (Fig. 4) . The efficiency of utilization for each amino acid was greatest from d 2 to 5 post hatch and then decreased consistently with increased age and BW. Overall, the greatest efficiency of utilization was achieved for Met. The efficiency of utilization for Met was 0.70 from 2 to 5 d of age and decreased to 0.522 by d 29 post hatch. In general the overall efficiency of digestible Val and Lys utilization were similar (Fig. 4) and Lys. Timmler and Rodehutscord (2003) reported that maximal protein accretion rates were achieved by feeding 9.2 g of Val per kg of diet in ducks from hatch to 21 d of age. The concentration of Val fed (11.3 g digestible Val / kg of the diet) should have been high enough to decrease the efficiency of utilization of Val. Furthermore, the ducks of Timmler and Rodehutscord (2003) had substantially greater lipid accretion from hatch to 21 d post hatch (230 to 232 g on the diets with optimal Val concentration) than the ducks of this trial (110.5 g, calculated from the data in Table 2 ). The crude protein concentration of the diets used in the Timmler and Rodehutscord (2003) study was 18.3% compared with 24.2% used in the current study. It is well known that dietary protein level and protein source can influence fat deposition in animals. From hatch to 21 d of age, the ducks of this trial had substantially lower ratio of lipid to protein accretion (0.565 vs. 1.136) in comparison with the ducks used in the Timmler and Rodehutscord (2003) study. Animals with lower rates of lipid accretion relative to protein accretion require less energy intake and daily feed intake to achieve their protein accretion (Schinckel et al., 2008) . Therefore, lower feed intake of these ducks would result in an estimated 30 to 35 % increase in the dietary concentration of Val and other indispensable amino acids relative to the ducks in the Timmler and Rodehutscord (2003) study.
It should be noted that for any population of animals, variation in compositional growth exists which produces animal to animal variation in amino acid requirements. This variation in requirements produces a population-wide linear, curvilinear, and plateau responses in body protein accretion to increasing dietary concentrations of amino acids (OviedoRondon and Waldroup, 2002; Brossard et al., 2009) . The amino acid requirement to achieve the protein accretion of the average animal in a population is the mean accretion of each indispensable amino acid divided by the efficiency of utilization of the amino acid for accretion. To achieve close to the maximal protein accretion rates for a population of animals, the animals must be fed at approximately 115 % of their population mean requirement (Brossard et al., 2009) . When animals are fed to achieve their maximal protein accretion rates, the observed efficiency of utilization will range from 0.63 to 0.65 (Moughan, 1989; Hauschild et al., Journal of Poultry Science, 49 (2) 2010). On the basis of stochastic modeling of the dietary requirements for amino acids to support protein gain in a population of animals, the best performing animals with the highest lean gain usually require approximately 20% more amino acids than the average animal in the population, thus the economically optimal concentration of indispensable amino acids is usually between 90 to 110 % of that needed to achieve the protein accretion of the average animal (Brossard et al., 2009) .
The observed efficiency of utilization of each amino acid is an indicator of the concentration of digestible amino acid fed relative to the population mean requirement. The results indicate that reducing the dietary concentrations of indispensable amino acids with increasing age and BW may increase the efficiency of utilization. Additional research is needed to evaluate if reductions in the digestible concentration of amino acids can maintain the efficiency of utilization of amino acids that was achieved d 2 to 5 post hatch to d 14 to 29 post hatch. Improving the efficiency of utilization of amino acids will reduce N excretion and potentially reduce ammonia emissions.
In summary, amino acid accretion in the duck increased rapidly during the first 22 d post hatch. Amino acid with the greatest accretion rate was Glu. Considering that Arg contains four nitrogen atoms per molecule, Arg was the most abundant nitrogen carrier at all ages studied and reflects the important role of Arg nutrition and metabolism. Rates of amino acid accretion, which represent minimal requirements, increased rapidly with age and were consistent with growth. The efficiency of digestible amino acid utilization for amino acid accretion was highest from d 2 to 5 post hatch and decreased progressively thereafter with increasing age and BW. The efficiency of digestible Trp utilization was much lower than any other indispensable amino acid. Digestible Met was utilized with highest efficiency followed by Lys, Val, and Thr in decreasing order. Additional research is needed to evaluate if reductions in the digestible concentration of amino acids can maintain the efficiency of utilization of amino acids that was achieved d 2 to 5 post hatch to d 14 to 29 post hatch.
